ABSTRACT Roos, I. M. M., and Hattingh, M. J. 1987. Systemic invasion of plum leaves and shoots by Pseudomonas syringae pv. syringae introduced into petioles.
Systemic spread of an antibiotic-resistant strain of Pseudomonas more pronounced in leaf veins than in petioles and shoots. The presence of syringae pv. syringae inoculated into plum petioles was investigated by microcolonies on leaf surfaces indicates that the pathogen is extruded from scanning electron microscopy. The pathogen colonized xylem elements of invaded tissue, most likely through stomata. The study suggests that the petioles and then spread to the xylem of shoots and to the xylem and epiphytic populations of the pathogen are constantly replenished from other elements of the leaf veins. It was also seen in axillary buds of invaded systemically invaded, symptomless plum trees. leaves. Lateral spread from major xylem vessels into adjacent tissue was
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Pseudomonas syringae pv. syringae (van Hall) is the major Recovery of pathogen from treated trees. A single shoot causal organism of bacterial canker of plum (Prunus salicina containing an inoculated petiole was removed from each of four Lindl.) in South Africa (16). How the pathogen enters this host and trees at 20 and again at 40 days after inoculation. Each inoculated migrates internally to other parts of the tree is uncertain. Leaf scar petiole together with the attached leaf and a portion of the shoot infection of cherry trees by P. s. pv. morsprunorum (Wormald) were sectioned (2-cm segments) as illustrated in Table I . The Young et al received considerable attention in the United Kingdom axillary bud of inoculated petioles was also kept, but other leaves (4-6). P. s. pv. syringae does not enter plum trees through leaf scars and petioles were discarded. Corresponding samples from shoots (7), however, and it has been suggested that wounds are more with control petioles were prepared in the same way. suitable infection avenues than natural openings (11). P. s. pv.
Each separate tissue sample was surface-disinfested with 70% syringae also colonizes the outer bud scales of cherries after fall, ethanol, cut into small pieces, and shaken vigorously for 1 min in a leading to mass destruction of dormant buds (1, 2) . test tube containing 10 ml of sterile distilled water. After 1-2 hr, Recent scanning electron microscope (SEM) studies with P. s.
suspensions were plated in duplicate onto Difco nutrient agar pv. morsprunorum on cherry (19) and Xanthomonas campestris supplemented with 5% sucrose (14), 50 gg/ ml of rifampicin, and 50 pv. pruni (Smith) Dye on plum trees (9,10) have indicated that Ag/ml of streptomycin sulfate. The presence of colonies was these pathogens move systemically from infected leaves through recorded after 3 days' incubation at 26 C. the petioles. The present investigation considers systemic invasion Scanning electron microscopy. Tissue samples were obtained 20 of plum trees by P. s. pv. syringae via leaf petioles. days after inoculation as described above. Two shoots with inoculated petioles and two with control petioles were used. No MATERIALS AND METHODS disease symptoms were visible on any of the trees. Squares (1 cm 2 ) RESULTS of tissue from each leaf blade segment and 1-cm lengths from each petiole and shoot segment were serially subdivided into 1-mm pieces with a new razor blade. Cross and longitudinal sections from Symptoms and recovery of pathogen. Symptoms appeared on these pieces and longitudinal sections of buds were processed for only two of the 10 leaves of inoculated petioles after 5-7 days.
SEM as described previously (17, 19 control petioles. Twenty days after inoculation, numerous bacteria the point of inoculation showed that the pathogen initially were present in xylem vessels of inoculated petioles (Figs. 1-4) . colonized only the xylem elements. This agrees with reports that Masses of bacteria occurred in helical vessels of the protoxylem xylem vessels are primary sites of significant proliferation of (Figs. 1 and 2 ) and in scalariform and pitted vessels of the Erwinia amylovora (Burr.) Winslow et al in apple petioles metaxylem (Fig. 3) . Some of the vessels seemed to be virtually (13, 20, 21) . Another report (12) , however, states that E. amylovora occluded by bacteria embedded in fine weblike material (Figs. moves downward in inoculated stems exclusively in the phloem. 1-3). Single bacterial cells or sparse clumps were seen in the Furthermore, P. s. pv. morsprunorum and Corynebacterium intercellular spaces of the xylem parenchyma (Fig. 4) , in the cortex flaccumfaciens pv. poinsettiae (Starr & Pirone) Dye & Kemp enter (Fig. 5) , and in phloem tissue of the petiole (Fig. 6) .
phloem of cherry (19) and poinsettia (3) leaves, respectively, during Bacteria were never found in tissue of control leaves. In contrast, the early stages of pathogenesis. Several factors, including intrinsic xylem vessels of the main vein of leaves with inoculated petioles differences among pathogens, hosts, plant parts inoculated, and were heavily colonized (Fig. 7) . Bacteria in invaded leaf blades methods of inoculation, might account for these recorded were usually confined to the xylem elements of the main vein and a differences. few minor veins. However, numerous bacteria were occasionally P. s. pv. syringae spread from the xylem of plum petioles to the seen in the mesophyll adjacent to uninvaded minor veins (Fig. 8) .
xylem of shoots and the veins of leaves. When present in petioles, Epidermal cells above the invaded mesophyll were occasionally leaf blades, and shoots, bacteria occurred most commonly in the distorted (Fig. 8) , but this was not macroscopically detectable. spiral or helical vessels of the protoxylem, in scalariform and pitted Bacteria were observed in the phloem (Fig. 9) and cortex of veins vessels of the metaxylem, and in the bordering xylem parenchyma. adjacent to heavily colonized mesophyll tissue. Large clumps of Bacteria were seen less frequently and in lower numbers in the bacteria were present on the surface of the leaf blade (Fig. 10) .
phloem and cortex of petioles and shoots. Microcolonies seen on the main vein were embedded in fibrous Lateral spread of P. s. pv. syringae from major xylem vessels into material (Fig. 11) .
adjacent tissue was more pronounced in leaf veins than in petioles The distal end (sample A) of the leaf contained deposits of or shoots. How the pathogen traversed xylem walls to invade the granular material (Fig. 12) in the vascular and mesophyll tissue.
phloem and other cells in the veins and surrounding mesophyll is Single bacterial cells or small aggregates were lodged in this not known. Intercellular spread probably occurred within the material (Fig. 13) . Isolated bacterial cells and granular material mesophyll, allowing the pathogen to invade uncolonized minor were seen on the bud scale leaves (Fig. 14) and in meristematic veins (Fig. 8) . The presence of microcolonies on leaf surfaces (Figs. tissue of the bud. Large masses of bacteria were present in xylem 10 and 11) indicated that the pathogen had been extruded from tissue of the main vascular bundle of the leaf traces (Fig. 15) , invaded tissue, most likely through stomata. whereas only isolated cells occurred in the bordering xylem Granular deposits (Fig. 12) found in distal specimens of invaded parenchyma.
leaves might have been gums or gels secreted by the host in Single bacterial cells or isolated clumps associated with fibrous response to infection (23) rather than by the pathogen itself. This is material occurred in the vascular bundle of the shoot 1 cm or more supported by the failure to detect the few bacteria seen in the below the petiole junction. A few cells were also seen in cortical deposit by plating of suspensions prepared from corresponding tissue of these specimens. distal leaf samples ( Table 1) . In contrast, a connecting fibrillar network of bacterial origin apparently anchored microcolonies to the leaf surface (Fig. 11) . This agrees to some extent with the DISCUSSION situation reported in xylem vessels of grape petioles invaded by the pathogen causing Pierce's disease (22) . The fibrils, especially in The antibiotic-resistant strain of P. s. pv. syringae used in this xylem vessels (Fig. 2) , also resembled the cellulose fibrils produced investigation spread systemically from the point of inoculation on by Agrobacterium tumefaciens (Smith & Townsend) Conn during plum petioles to leaf tissue, the axillary bud, and at least 4-6 cm attachment to carrot cells (15) . down the length of some shoots ( Table 1) . The lower recovery of Under favorable field conditions, even a few cells of E. bacteria 20-40 days after inoculation agrees with the known amylovora entering vascular elements can lead to systemic diminished activity of the pathogen in the host during summer (7) . infection of apple trees (8, 20) . This might also apply to the The inoculation method used in this investigation undoubtedly development of bacterial canker of plum in South Africa where P. introduced P. s. pv. syringae to different tissues in the petiole.
s. pv. syringae is present on the surfaces of symptomless leaves However, SEM of specimens sampled at increasing distances from throughout the growing season (18).
Figs. 14 and 15. Scanning electron micrographs of plum bud (14) and shoot tissue (15) invaded by Pseudomonas syringae pv. syringae. Scale bars ='2 m. 14,
Single bacterial cells in bud scales. 15, Bacteria in xylem vessels of the leaf trace.
